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We have succeeded in establishing a cosmological model with a non-minimally coupled 
scalar field <f> that can account not only for the spatial periodicity or the picket-fence struc- 
ture exhibited by the galaxy N-z relation of the 2dF survey, but also for the spatial power 
spectrum of the cosmic microwave background radiation (CMB) temperature anisotropy 
observed by the WMAP satellite. The scalar field of our model universe starts from an ex- 
tremely small value at around the nucleosynthesis epoch, remains in that state for sufficiently 
long periods, allowing sufficient time for the CMB temperature anisotropy to form, and then 
starts to grow in magnitude at the redshift z of ~ 1, followed by a damping oscillation which 
is required to reproduce the observed picket-fence structure of the N-z relation. To realize 
such behavior of the scalar field, we have found it necessary to introduce a new form of 
potential V(<f) oc 4> 2 exp(— q<f) 2 ), with q being a constant. Through this parameter q, we can 
control the epoch at which the scalar field starts growing. 

§1. Introduction 

The N-z relation obtained from the 2dF Galaxy Redshift Survey (2dF GRS) 
exhibits a definite picket-fence structure at the interval of roughly Az = 0.03 (see, 
e.g., Fig. 17 of Colless et al. 2001). The aim of this paper is to establish a cos- 
mological model with a non-minimally coupled scalar field <p that can account for 
both the spatial periodicity or the picket-fence structure exhibited by the galaxy N-z 
relation of the 2dF survey and the spatial power spectrum of the CMB temperature 
anisotropy observed by the WMAP satellite.® 1 ® 

§2. Model and Observational Tests 

The relevant Lagrangian L for our cosmological model is 

(24) 

The time evolution equations for the cosmic scale factor a, and the scalar field </> for 
our cosmological model are as shown below: 
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Note that the potential term (the fourth term on the right-hand side of Eq, (|2-ip ) 
reflects our modification to the original form employed by Morikawa(1991), which 
coincides with the latter if q = 0. This new form of potential enables us to control 
the epoch when the growth of the scalar field <f> begins to take place. (Fig. 1) The 
closer this epoch is to the present era, the less affected are the amplitudes of the 
spatial power spectrum of the CMB temperature anisotropy in the large-scale domain 
because of the reduced effect of the late-time integrated Sachs- Wolfe effect. 
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Fig. 1. Dependence on q of the onset time of the oscillation of the Hubble parameter H/Hq nor- 
malized to the Hubble constant. The abscissa is the scale factor a. 
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Fig. 2. Dependence on q of the computed N-z relationship of galaxies. The abscissa indicates the 
redshift z, while the ordinate is the fractional number count TV. 

Our model (q= 12000) having an oscillating expansion rate can account well for 
both the spatial periodic structure of the galaxy N-z relation of the 2dF survey(Fig.2) 
and the spatial power spectrum of CMB anisotropy observed by the WMAP(Fig.3). 
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Fig. 3. Spatial power spectra of the CMB temperature anisotropy computed for our scalar field 
models with q =6,000, 9,000, and 12,000, respectively. 

§3. Conclusion 

We have succeeded in establishing a cosmological model with a non-minimally 
coupled scalar field (ft that can account not only for the spatial periodicity or the 
picket-fence structure exhibited by the galaxy N-z relation of the 2dF survey but 
also for the spatial power spectrum of the CMB temperature anisotropy observed 
by the WMAP satellite. The parameter values of the proposed model are as follows: 
Q hfi h\ m = 0.024, f2 m>0 = 0.237, H = 72 km s^Mpc -1 , fy )0 = 0.15, Q A ,o = 0.613, 
£ = -40, m,/, = 3.7 x 10- 31 /iioo eV, q = 12000, r = 0.089,' n s = 1.0, yielding the 
cosmic age of 13.2 Gyrs, where hioo = -ffo/100, £ is the curvature scalar coupling 
constant, m^, the mass of the scalar field, n s the scalar spectral index, and r the 
optical depth of the universe. 
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